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Abstract— The subject of this work is optimization of out-
puts of L-band high power microwave tubes. These outputs
are constructed as coaxial-to-waveguide transitions with a vac-
uum barrier in a form of glass or ceramic cup. The goal of
optimization is to obtain suﬃciently low reﬂection loss in the
predeﬁned frequency band and to avoid so called hot spots
caused by excessive dissipation of microwave power in parts
of the cup. Electromagnetic simulator has been applied to
model the behavior of the optimized transition and to pro-
pose its optimum shape. The proposed solutions were veriﬁed
by Z.E. Lamina SA in prototypes of high power (pulsed
600 kW) amplitrons and are to be used in manufacturing
practice.
Keywords—high power microwave tubes, optimization of out-
puts.
1. Introduction
Design of reﬂectionless transitions between diﬀerent
waveguiding structures is one of typical problems of mi-
crowave engineering. The task becomes diﬃcult when the
input is supposed to be placed in vacuum and the output
under the regular air pressure. In such a case the transition
must incorporate a barrier which for technological reasons
usually needs to be made of a high-permittivity dielectric.
The diﬃculties are much ampliﬁed when high power is
Fig. 1. Long section of the LM113 tube output.
supposed to be transmitted through the transition. The cho-
sen solution must assure suﬃently low power dissipation in
materials and suﬃciently low electric ﬁeld to avoid berak-
down through ionized channels in air. Power dissipation and
E-ﬁeld intensity may rise sharply for resonant frequencies
of the transition and thus avoiding of spurious resonances
in the band of exitation of the structure is of major interest
here.
The subject of this presentation is the investigation of the
output of chosen high-power tubes of amplitron type [1, 2]
manufactured by Z.E. Lamina SA. The tubes are supposed
to work in L-band with the central frequency of 1340 MHz
and used with a pulsed signal up to 600 kW. The long
section of a typical transition considered is shown in Fig. 1.
In the original Z.E. Lamina SA production the vacuum
barrier was made of glass in a form of a glass bubble.
The manuafacturer found that in some cases hot spots are
developed in the glass leading sometimes to the melting of
the glas and thus to the damage of the tube.
The aim of this work was:
– to investigate the design options leading to elimina-
tion or reduction of the hot spots in glass;
– to investigate the possibility of replacing the glass
barrier by a more heat-resistant alumina barrier (such
replacing is diﬃcult because alumina has higher per-
mittivity and the cup must be thicker than one made
of glass);
– to optimize the structure for lower reﬂections in the
entire band of interest.
The investigation was based on full-wave electromagnetic
simulations performed with QuickWave-3D [3] package.
The modiﬁed structures were manufactured and tested.
2. Optimization of the structure
with a glass barrier
The ﬁrst of the considered structures was the output of
LM113 tube manufactured by Z.E. Lamina SA presented
in Fig. 1. It can be seen that in that coax-to waveguide
transition a mixed magnetic-electric coupling is used. The
magnetic coupling is assured by a copper bracelet connect-
ing the inner conductor of the coaxial line with the waveg-
uide wall. The electric coupling is controlled by the size of
a copper disc placed at the top of the inner connector in-
serted into the waveguide. The vacuum barrier has a form
of a glass bubble.
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Extensive simulations of the structure were conducted. First
they concerned the S-parameter characteritics versus fre-
quency using the method of [4] (see Fig. 2). Then we
Fig. 2. Standing-wave ratio (SW R) versus frequency of the tube
output with diﬀerent ring size.
conducted a detailed study of the power distribution inside
the glass. Examples of that study concerning the frequen-
cies 1340 MHz and 1000 MHz are presented in Fig. 3.
It should be noted that frequency 1000 MHz is placed
outside the band of operation of the tube, but it is still
below the cutoﬀ frequency of the waveguide. We cannot
Fig. 3. Average dissipated power density at: (a) 1340 MHz and
(b) 1000 MHz.
exclude some parasitic generation of the power by the tube
in that band. From Fig. 3b it can be seen that such a gen-
eration (even at relatively low level) may cause damage to
the tube.
The results of simulations were confronted with the expe-
rience of the manufacturer and the following conclusions
were drawn.
• Overheating takes place at glass impurities when they
appear in the area of high power dissipation.
• Damages in the upper part of the glass bulb are most
probably caused by spurious generations of the tube
outside the band of interest.
• Damages below the disc plane are due to the power
dissipation during the normal, stable work.
The ﬁrst two causes of possible problems are beyond the
scope of this work. We have concentrated on the third
cause concerning normal operation of the tube.
We ﬁrst approached the tube optimization by assuming that
three parameters can be modiﬁed: the radius of the disc,
its position above the waveguide wall and the radius of
the glass tube. We have found that the disc diameter of
43 mm produces is relatively good choice giving the hot
spot power density reduced by about 15% and SWR still
below 1.1 in the entire band. However the drop of 15%
was judged insuﬃcient for full safety of future tubes. That
is why we have also conducted investigation of structures
with non-circular discs. Very interesting results were ob-
tained with a disc of the cardioidal shape as presented
in Fig. 4.
Fig. 4. Coupling disc of cardioidal shape.
Although SWR slightly increased (to 1.15 as shown in
Fig. 5), the power dissipated in the hot spot dropped
by 36%, as shown in Fig. 6.
Fig. 5. SWR for LM113 output with cardioidal coupling part.
Above investigation was a basis for improvement of the
glass barrier in the new types of tubes. Hardware proto-
types of the new types have been tested and improvement of
their properties has been experimentally conﬁrmed. How-
ever it should be also mentioned that damages of the older
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Fig. 6. Average dissipated power density, cardioidal: (a) r2 =
8 mm and (b) r2 = 14 mm.
types of tubes had incidental character and thus only a long-
time observation of several copies of new tubes may be
a proof that the problem has been completely solved.
3. Design of a structure
with a ceramic barrier
Mechanical and thermal properties of alumina (Al2O3) ce-
ramic are clearly superior to those of glass. Moreover alu-
mina barrier shape can be made more repeatable in man-
ufacturing. The main disadvantage of alumina is its high
relative permittivity (εr = 9.8). The problems are ampli-
ﬁed by the fact that it is diﬃcult to make the ceramic
cup very thin. Relatively thick material of high permit-
tivity restricts the possibility of wideband matching and
enhances the danger of spurious resonances of the struc-
ture. These problems caused that Z.E. Lamina SA had not
been using the ceramic barriers for such purpose before
this study.
We have run investigation of the possibility of applica-
tion of a ceramic barrier under the same assumptions as
in the case of the glass barrier. Examples of simulated
|S11| versus frequency for diﬀerent conﬁgurations of the
structure are presented in Fig. 7. It was not possible to
obtain suﬃciently good matching in the entire band of in-
terest (1240–1440MHz) as it had been the case of the glass
Fig. 7. |S11| for several diﬀerent dimension conﬁgurations.
barrier. However in fact the entire band is divided into two
sub-bands1240–1340 MHz and 1340–1440 MHz served by
diﬀerent types of tubes. Thus the manufacturer has judged
that preparation of two types of the output for two diﬀerent
sub-bands is not a major practical problem.
Prototype of a tube with ceramic barrier has been manu-
factured by Z.E. Lamina SA and measured. Good results
have been obtained as presented in Fig. 8. The heat dissipa-
Fig. 8. Output power and eﬃciency obtained for the tubes with
glass and ceramic barriers.
tion properties were tested by measurements of the cooling
air temperature versus average output power for both con-
structions of the tube. It was found that increase of the
cooling air temperature above the room temperature was
about 30% lower when alumina barrier was applied. Tak-
ing into account that alumina can work without damage in
much higher temperature than glass this is a very promising
result for manufacturing practice.
4. Modeling of the entire tube structure
So far we have treated the coax-to-waveguide transition
as a stand-alone structure. This does not provide full pic-
ture of the physical setup. The transition is placed at the
output of a complicated slow wave structure of the tube
as shown in Fig. 9. We have used the 3D drawing pro-
vided by Z.E. Lamina SA to prepare a QW-3D model of
Fig. 9. 3D model of LM113 tube without outputs.
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the entire tube. To increase the eﬃciency of calculations we
have segmented the structure into three parts: input transi-
tion, slow wave structure and output transition. Each of the
parts was calculated separately and the resulting S-matrices
were combined using S-Converter [5] of QW-3D package.
Fig. 10. SW R of the structure of whole tube calculated in QW-3D
software.
Figure 10 shows calculated SWR of the entire structure.
The results conﬁrm good properties of the entire structure
in the band of interest and indicate possibilities of further
optimization. It should be noted however that these results
concern so called “cold test” when the tube is not active and
electron beam does not interacts with the electromagnetic
wave. Relations between the “cold test” properties and ac-
tual properties of the tube during its normal operation are
beyond the scope of this work.
5. Conclusions
The task of optimization of the output structures of L-
band power amplitrons has been conducted. Electromag-
netic modeling permitted better understanding of the phys-
ical phenomena concerning power dissipation in the coax-
to-waveguide transitions used in the tubes. It helped to
understand the cause of occasional damage by overheat-
ing of the glass bubbles used in the tubes. New design
was proposed, manufactured and tested showing its supe-
rior properties with respect to earlier designs. Alternative
output of the tube using an alumina barrier was designed
and tested. It was the ﬁrst time that such barrier was suc-
cessfully applied to that kind of tubes. It was also shown
that it is practically possible to model the entire structure
of the tube comprising the input, output nd the slow-wave
structure. This opens new possibilities of optimization of
the design of the amplitron tubes.
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